To determine whether gender differences in body fat could be detected in prepubertal children using dual energy X-ray absorptiometry (DEXA), body composition was measured in 20 healthy boys aged 3±8 y matched for age, height and weight with 20 healthy girls. Although boys and girls did not differ in age, height, weight, body mass index (BMI) or bone mineral content, the boys had a lower percentage of body fat (13.5 AE 5.1 vs 20.4 AE 6.1%, P`0.01), a lower fat mass (3.2 AE 2.0 vs 4.9 AE 3.1 kg, P`0.01), and a higher bone-free lean tissue mass (18.6 AE 4.3 vs 17.0 AE 3.5 kg, P`0.01) than the girls. Girls had approximately 50% more body fat than the boys. This is the ®rst DEXA study to show that boys aged 3±8 y have less body fat than girls of similar age, height and weight. Thus, this technology demonstrates that signi®cant gender differences in body composition are evident, well before the onset of puberty.
Introduction
Adult men are taller, heavier, have a signi®cantly lower percentage of body fat, but a greater lean tissue mass and a higher bone mineral content than women. These gender differences in body fat content are usually said to arise in adolescence. Prepubertally, sexual dimorphism in body composition is considered to be slight 1 and before puberty boys and girls have similar average heights and weights. 2 However, the precise estimation of body fat content in young children has until recently been dif®cult. This situation has changed with the advent of dual energy X-ray absorptiometry (DEXA),
3±5 which provides precise and simple independent measurements of total body fat, lean and bone mineral content in young children. 6±8 Using this methodology, several recent papers have noted lower body fat in boys than girls aged 9±10 y. 9, 10 The present study was undertaken to test the hypothesis, that DEXA measurements of total body fat content would reveal that, prior to the onset of puberty, even younger boys have a smaller proportion of body fat than girls.
Methods
Participants were healthy volunteers recruited for studies of nutrition and bone health approved by our hospital Ethics Committee. Their body mass index (BMI) values lay between the 5±95 percentiles of USA reference data. 11 All were graded as prepubertal (Tanner Stage I). 12 None were taking medication affecting bone or body composition and no child had previous fractures. Each child was weighed (electronic scales) and measured (stadiometer) in light clothing without shoes. A medical history was taken and a total body DEXA scan was performed (Lunar DPX-L Lunar Corporation, Wisconsin, USA) to measure total fat mass, bonefree lean tissue mass and bone mineral content. Our DEXA precision (coef®cient of variation) in vivo is: fat mass 2.52%; bone-free lean tissue mass 1.11% and bone mineral content 1.52%. The total percentage fat in the body determined from DEXA measurements was calculated as fat mass (kg) divided by DEXA mass [that is bone free lean tissue mass (kg) plus bone mineral content (kg) plus fat mass (kg)]6100a1.
The DEXA scan data of a group of healthy boys aged 3±8 y, who were enrolled consecutively in a study of bone development, were matched with scan data from a group of healthy girls collected simultaneously for our DEXA bone density data base. The scan results of each boy were compared with the scan results from the girl who most closely matched them in age, height and body weight. Gender matches obtained in this way were close (Table 1) . Results are expressed as means AE s.d. Ninety®ve percent con®dence intervals for the differences between each pair were calculated (Mean AE s.e.m.). Gender differences were tested (Student's paired t-test).
Results
Although the 20 pairs of prepubertal girls and boys in this study were similar in age, height, weight, BMI and bone mineral content (BMC), boys had signi®cantly less fat, a lower % body fat and a higher bone-free lean tissue mass than the girls (Table 1 and Figure 1 ). Standard deviation scores 13 for height and weight respectively, were: 1.06 AE 0.65 and 0.85 AE 0.92 in girls and 0.77 AE 0.84 and 0.88 AE 1.05 in boys. The average fat mass of the girls (4.9 kg), expressed as a percentage of the average fat mass of the boys, was 152% (3.2 kg, P`0.05) while the bone-free lean tissue mass was 9% lower (P`0.05) and the BMC content 2% lower in girls than in boys (not statistically signi®cant P b 0.05).
Discussion
This appears to be the ®rst gender comparison of body fat content in tightly age-matched children aged 3±8 y measured by DEXA. Our results provide strong support for the view that boys have a lower fat content than girls, even before puberty, despite similarities in overall body weight, height and BMI. Interestingly, a recent paper 7 contained some information concerning percentage body fat estimated by DEXA in children aged 4±8 y; values of 19.0 AE 7.2% body fat in 22 girls and 14.1 AE 4.1% body fat in 23 boys being reported. However these children were not pairmatched for age, height and weight, and the authors 7 did not test the gender differences, nor did they report either fat mass or bone-free tissue mass. We have calculated that their young boys had signi®cantly less fat that the girls (P`0.01), as in our study. Thus their gender difference is of the same order as that we observed, providing independent support for our present results.
Population bias could explain our ®ndings and be a study limitation. However, the weights and heights of our subjects were within normal limits for a representative study population of 1073 local children measured at 3, 5 and 7 y (PA Silva, personal communication). Moreover, international standard deviation scores con®rm that our study population is representative. 13 We acknowledge that the differences we observed, may re¯ect differences in physical activity, nutrition or metabolism. There is evidence that boys are more active than girls, both prepubertally 14, 15 and later. 16 Gender differences in energy intake have also been noted in young children. 17 Alternatively, gender differences in leptin may be important in favouring early fat accumulation in girls. 18 Others have observed similar total BMC values in boys and girls aged 8±9 y. 9, 10 In our study of younger The rising prevalence of obesity is currently a major concern in the western world 20 and the ability to quantify fat mass in young children may enable better de®nition of future health hazards associated with obesity. The common view that prepubertal children have similar body composition, may have arisen due to the lack of suitable methods for the accurate determination of body fat in this age group. With DEXA, we have now shown that signi®cant gender differences in body fat are present in prepubertal children. Our ®ndings need to be con®rmed in a larger sample, drawn randomly from the general population. 
